There are two prerequisites for understanding high-temperature (high-Tc) superconductivity: identifying the pairing interaction and a correct description of the normal state from which superconductivity emerges. The nature of the normal state of iron-pnictide superconductors, and the role played by correlations arising from partially screened interactions, are still under debate. Here we show that the normal state of carefully annealed electron-doped BaFe2−xCoxAs2 at low temperatures has all the hallmark properties of a local Fermi liquid, with a more incoherent state emerging at elevated temperatures, an identification made possible using bulk-sensitive optical spectroscopy with high frequency and temperature resolution. The frequency dependent scattering rate extracted from the optical conductivity deviates from the expected scaling M2(ω, T ) ∝ (hω) 2 + (pπkBT ) 2 with p ≈ 1.47 rather than p = 2, indicative of the presence of residual elastic resonant scattering. Excellent agreement between the experimental results and theoretical modeling allows us to extract the characteristic Fermi liquid scale T0 ≈ 1700 K. Our results show that the electron-doped ironpnictides should be regarded as weakly correlated Fermi liquids with a weak mass enhancement resulting from residual electron-electron scattering from thermally excited quasi-particles.
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Strong electronic correlations and Mott physics have played an important role in shaping our understanding of high-T c superconductivity (HTSC).
1 With the discovery of the iron-pnictide family of HTSCs a new playground to study correlation effects has emerged.
2 Unlike the cuprate HTSC, the pnictides are properly classified as moderately correlated semi-metals 3 . By studying their normal state properties a new picture has started to emerge 4 where intra-atomic exchange processes (Hund's coupling) govern the degree of correlation effects. In the resulting "Hund's metal" state 5 , Hund's coupling reduces the propensity towards a strongly correlated Mott insulating state, while simultaneously reducing the coherence temperature below which Fermi liquid (FL) properties emerge. A strong dependence of the nature of this Hund's metal state on orbital filling has been found, providing a natural explanation for the differences between hole-and electron-doped pnictides. 2, 6 Recently, Werner et al. showed 7 that the combined effect of dynamic screening (manifested through a single particle self-energy, Σ(ω, T )) and orbital occupancy results in a Fermi-liquid like state in electron-doped pnictides, while a spin-freezing transition separates an incoherent metal regime from the FL regime in hole-doped materials (for a more extensive review of the role of Hund's coupling in the iron-pnictides, see ref. [2] ). A clear experimental identification of both these regimes is currently lacking. Here, we provide direct experimental confirmation of the Fermi liquid state in the electron-doped case.
Optical spectroscopy is a powerful tool to probe selfenergy effects 8 as a function of frequency and temperature simultaneously. The complex-valued free charge optical conductivity 9 can be written as σ(ω, T ) = σ 1 (ω, T ) + iσ 2 (ω, T ) = iω
where ω 2 p = ne 2 /m is the plasma frequency and M (ω, T ) = M 1 (ω, T ) + iM 2 (ω, T ) is the complex memory function. For a simple Drude metal M (ω, T ) = iΓ D is frequency independent, while interactions beyond simple impurity scattering introduce a frequency and temperature dependence. In the latter case Eq. (1) is referred to as the "Extended Drude model". The single particle self-energy Σ(ω, T ) thus manifests itself in the free charge carrier response, appearing as a deviation from a classical Drude response. For a local FL with a momentum independent interaction between electrons, Σ(ω, T ) and consequently M (ω, T ) (see Methods) follow a universal quadratic dependence on both energy and temperature, [10] [11] [12] [13] 
where k B T 0 is an overall energy scale characterising the correlation strength and p is a non-universal constant. For a local FL one expects p = 2, however deviations arise in the presence of additional elastic resonant scattering channels. 11 To date the only known example with p = 2 is Sr 2 RuO 4 13 , while p = 2 has been reported for several correlated materials 12, [14] [15] [16] [17] . When applied to the iron-pnictide superconductors, the accurate determination of M (ω, T ) is hampered by the presence of low-lying interband transitions. In the following we first show that M (ω, T ) extracted for carefully annealed BaFe 2−x Co x As 2 single crystals indeed displays the characteristic ω, T -scaling predicted by Eq. (2). We then introduce an analysis of the complex optical conductivity that represents a direct confirmation of the Fermi liquid normal state of these electron doped iron-pnictides . This is made possible by the 2 K temperature resolution in our experiments, which allows us to compare the detailed frequency and temperature dependence with The most significant, annealing induced change is a reduction of a broad incoherent background that is most clearly seen by the deeper minimum around 70 meV separating the free charge and inter-band optical conductivity. c, d, Imaginary part of the memory function, M2(ω, T ), revealing the difference in free charge response for as-grown and annealed crystals. The memory function is obtained by subtracting the full interband response as discussed in the text and SOM 18 . Dashed curves indicate fits made using the fitting function indicated in panel c. e, Temperature dependence of the static scattering rate 1/τ (T ) obtained from the fits in panels c, d. For the annealed crystal 1/τ (T ) displays a T 2 behaviour below T ∼ 100 K as indicated by the fit. f, Temperature dependence of the exponent, η(T ), extracted from the fits in panel c, d. The exponent for the annealed crystal shows ω 2 dependence in the same temperature range where 1/τ (T ) has a T 2 temperature dependence. At higher temperatures a clear deviation from Fermi liquid behaviour is found. g, Scaling collapse obtained by plotting M2(ω, T ) as M2(ξ), where ξ 2 = (hω) 2 + (1.47πkBT ) 2 . Above ξ 2 ≈ 2500 meV 2 the scaling deviates from the universal Fermi liquid behaviour which is indicated by the dashed pink line. similar resolution.
I. RESULTS
The in-plane optical conductivity of as-grown and annealed BaFe 1.8 Co 0.2 As 2 (see Methods) are shown in Fig.  1a and 1b, respectively. After annealing we observe a decrease in the depth of the minimum around 70 meV separating the free-charge and interband optical conductivity. This arises from a reduction of a broad incoherent response associated with high energy interband processes, rather than from changes in the free-charge response 18 . A spectral weight analysis 18 for both crystals gives ω p ≈ 1.4 eV and a contribution of interband transitions to the low energy dielectric constant ε ∞,IR ≈ 100. These similarities indicate that annealing does not significantly change the overall electronic structure (such as a chemical potential shift) or high-energy optical properties.
A. Experimental signatures of the Fermi liquid state.
Subtle changes in the free charge carrier response are more easily analysed in terms of equations (1) and (2), but the extended Drude model analysis assumes that interband transitions do not contribute to the optical conductivity in the energy range of interest. The multiband nature of the pnictides complicates the extraction of M (ω, T ) since inter-band processes have a significant contribution to the optical conductivity [19] [20] [21] [22] . In the Supplementary material 18 (SOM) we describe the procedure used to extract the memory functions and its range of validity. We find that even though the determination of the memory functions comes with uncertainty at higher Colour is used to indicate the magnitude of ∆σ(ω, T ), with red indicating the dissipative regime (σ1(ω, T ) > σ2(ω, T )) and blue indicating the inductive regime (σ1(ω, T ) < σ2(ω, T )). The colour scale is chosen such that the boundary between these two regimes, where σ1(ω, T ) ≈ σ2(ω, T ), or ∆σ(ω, T ) ≈ 0, appears as white. This dome of zeroes can be reproduced using the approximate expression T∞(ω). The green line indicates the crossover temperature 1.47πkBT =hω, below which Fermi liquid behaviour can be expected. b, Same as in panel a, but calculated from the Allen-Kubo formula for the optical conductivity using a Fermi liquid self-energy with parameters derived from the experimental data of Fig. 1 . The dashed semi-circle is the same as in panel a.
energies, at low energies (hω ≤ 50 meV) interband transitions only weakly affect the frequency dependence. In the following we subtract the full frequency dependence of the interband response as outlined in the supplementary materials 18 ; however, we note that our conclusions remain the same when alternative methods for accounting for the interband transitions are applied.
The frequency and temperature dependence of the imaginary part of the memory function M 2 (ω, T ), shown in Fig. 1c and 1d for the as-grown and annealed crystal, respectively, indicates the presence of residual interactions beyond a classical Drude response. We fit both datasets with a power-law form
, where 1/τ (0, T ) is the zero-frequency scattering rate and η(T ) = 2 is expected for a FL. These parameters are determined independently at each temperature. The temperature dependence of 1/τ (0, T ) and η(T ) are displayed in Fig. 1e ,f for both the as-grown and annealed crystal. We find that the annealed crystal displays characteristic FL behaviour with Fig. 1e) and η(T ) ∼ 2 ( Fig. 1f) over a large range of energy (10 meV ≤hω ≤ 50 meV) and temperature (8 K ≤ T ≤ 100 K). We further find that the prefactor B(T ) is temperature independent in the same temperature range as is expected from Eq. (2) (see SOM 18 ). The as-grown crystal on the other hand does not display FL behaviour. Instead, the zero frequency scattering rate follows a more linear temperature dependence, while the frequency exponent η(T ) < 2. Given the approximate T 2 and ω 2 dependence of the memory function apparent in Fig. 1e ,f, we test whether the scaling form of Eq. 2 applies to the annealed crystal. Fig. 1g demonstrates that M 2 (ω, T ) indeed follows a universal FL scaling as function of the scaling variable ξ 2 = (hω) 2 + (pπk B T ) 2 , with p ≈ 1.47 (see SOM 18 ). We highlight three deviations from universal FL behaviour that can be discerned in Fig. 1g . First, universal FL behaviour disappears above 100 K. Second, for ξ 2 ≥ 2500 meV 2 , M 2 (ξ) changes slope, as indicated by the dashed pink line, signalling a crossover to a nearly energy independent M 2 (ω, T ) forhω ≥ 50 meV (Fig.  1d) . Third, p = 1.47 rather than 2, indicating that an additional elastic contribution is present beyond residual electron-electron scattering. We note that the precise value of p determined by collapsing the data on a universal curve comes with some uncertainty as it depends on the assumed strength and frequency dependence of the interband contribution (see SOM 18 ).
B. Fermi liquid signatures in the optical conductivity.
Our analysis provides compelling evidence that the normal state of BaFe 1.8 Co 0.2 As 2 below 100 K is properly classified as a FL. We emphasise that the specific method of accounting for interband processes does not alter the conclusion that the low frequency and temperature dependence of M 2 (ω, T ) follows ω 2 and T 2 scaling 18 . In contrast, the same analysis applied to the as-grown crystal does not show such clear signatures of FL behaviour, despite its similar plasma frequency and highenergy optical properties. Nevertheless, the determination of the parameters characterising the Fermi liquid state using the extended Drude analysis remains sensitive to the choice for the interband contribution. To fortify our conclusions, and to determine the characteristic properties of the Fermi liquid state more accurately, we now turn our attention to an analysis of the complex optical conductivity, which provides a more direct comparison between theory and experiment and does not require a model specific choice for the interband processes.
Berthod et al. showed 10 that in a local FL a dome is defined by the locus of points where σ 1 (ω, T ) = σ 2 (ω, T ), which bounds a 'thermal' regime in which FL behaviour emerges. Zero crossings signalling the presence of a dome have been clearly observed 13 in Sr 2 RuO 4 at low temperatures. Despite the clean Fermi liquid behaviour, exemplified in that case by p = 2, these authors found that at elevated temperatures deviations from the predicted dome shape appeared, which they linked to the increasing importance with increasing temperature of 'resilient' quasi-particles. This observation provides the means to make a direct comparison between the optical conductivity and theoretical calculations, where one does not have to resort to making the decompositions involved in the extended Drude analysis presented in Fig. 1 . To facilitate a direct comparison between experiment and theory we introduce the function ∆σ(ω, T ) ≡ σ 1 (ω, T ) − σ 2 (ω, T ), which is readily obtained from experimental data and also from calculations of the optical conductivity. For the particular case of a local FL, the function ∆σ(ω, T ) has the property that it is negative in the thermal regime where characteristic FL behaviour should be observed, while it is positive in the incoherent and Drude-like regimes. Moreover, the zeros of this function correspond to the "dome" derived by Berthod et al.. ∆σ(ω, T ) thus allows us to examine the full, complex optical conductivity and search for zero-crossings where
In Fig. 2a , ∆σ(ω, T ) is displayed as a false color plot for the annealed crystal. In Fig. 2a , blue represents ∆σ(ω, T ) < 0, while red indicates ∆σ(ω, T ) > 0. ∆σ(ω, T ) = 0 is indicated in white. The most striking feature of Fig. 2a is a clear dome of zero crossings, closely resembling the dome predicted by Berthod et al..
In Fig. 2b we display calculations of ∆σ(ω, T ), assuming a FL self-energy (see Methods and SOM 18 for calculation details). Motivated by the saturation of M 2 (ω, T ) above 50 meV (Fig 1d) , we have introduced a cutoff ω c above which the imaginary part of the single particle self-energy, Σ 2 (ω, T ), is constant (see Fig. 3a and Methods) and a high energy cutoff D. The calculated ∆σ(ω, T ) is in excellent agreement with the experimental data. As input for the calculation we have used several experimentally available parameters, namely ω p ≈ 1.4 eV, Γ 0 = M 2 (ξ → 0) ≈ 7 meV and p ≈ 1.47. The cutoffs ω c ≈ 41 meV and D ≈ 1 eV are motivated below. In addition to the free charge response, we also include the frequency dependent interband response from Supplementary Table S1 18 . The only remaining free parameter, T 0 ≈ 1700 K, is determined by two criteria: (i) the maximum of the dome of zero crossings (athω ≈ 55 meV) and (ii) the low temperature zero-crossing at hω ≈ 100 meV. To facilitate the estimation of T 0 , we derive an approximate analytical expression, T ∞ (ω) (see Methods and SOM 18 ), for these zero-crossings taking an energy independent interband response ( e.g. ε ∞ ) into account. The consistency between T ∞ (ω), the data, and the calculation (which includes the full frequency dependence of the interband response) shows that the details of the interband response are unimportant for obtaining this level of agreement.
C. Characteristic Fermi liquid properties of
Co-doped BaFe2As2.
The deviation from scaling in Fig. 1e -g around 100 K signals a crossover temperature wherehω ≤ pπk B T , above which an incoherent regime emerges 10, 11 . This suggests a natural cutoffhω c ≈ 1.47πk B T with T ≈ 100 K, resulting in ω c ≈ 41 meV. The cutoff D ≈ 1 eV is less critical but is motivated by the value of T 0 . Dynamical Mean Field Theory (DMFT) calculations for a single band Hubbard model 10 indicate that k B T 0 ≈ 0.57δW where W is half the bandwidth and δ is the carrier density. This yields W ≈ 1.3 eV in our case, which is reasonable compared to combined density functional theory and DMFT (e.g LDA+DMFT) estimates
7 . Apart from the saturation in Σ 2 (ω, T ), ω c also introduces 18 a frequency dependence in Σ 1 (ω, T ) (see Fig. 3a ), which should be manifest as a frequency dependent mass enhancement m * /m(ω, T ) ≡ 1+M 1 (ω, T )/ω in the free charge response. Fig. 3b shows excellent agreement between m * /m(ω, T ) extracted from experiment and the theoretical calculation where m * /m(ω → 0, T ) ≈ 1.2. This value is consistent with a modest m * /m ≈ 1.8 predicted by LDA+DMFT calculations for this level of electron doping. 7 The experimental data leaves some room for additional mass enhancement resulting from boson exchange processes (such as phonons or spinfluctuations) belowhω ≈ 10 meV, although it is difficult to make a quantitative statement on their strength due to the low signal-to-noise at low energy. More importantly, the energy dependence of the mass-enhancement introduced through the cutoff in our self-energy rules out the presence of a significant boson exchange spectrum for hω ≥ 10 meV. We emphasise that the calculated mass enhancement is based on an analysis of the optical conductivity, while the experimental mass enhancement is determined using the extended Drude analysis presented in 
II. DISCUSSION
To conclude we discuss the deviation of p from the FL value p = 2. The most likely origin appears to be scattering of quasi-particles on weak, localised magnetic moments 11 . Such localised moments could be associated with the presence of Co impurities in the Fe lattice, although no local moment has been detected for Co impurities in BaFe 2 As 2 23 . Regardless the origin, this resonant elastic term has a strong influence on the normal state properties. Figure 3c displays ∆σ(ω, T ) for the as-grown crystal, displaying a suppressed dome of zero-crossings compared to the annealed crystal. The dashed semicircle is calculated using exactly the same parameters as for the annealed case, except for a slightly higher Γ 0 ≈ 8 and p = 1.34. This smaller value of p corresponds to a two-fold stronger elastic term in the single particle self-energy Σ(ω, T ), indicating that annealing strongly reduces the influence of this scattering channel. Given the concomitant change in superconducting critical temperature, we suggest that this scattering channel could be pair-breaking, possibly providing an interesting direction for future work.
A. Methods.
A large 4 x 5 x 0.1 mm 3 single crystal of BaFe 1.8 Co 0.2 As 2 , grown from self-flux, was cut into two pieces and one piece was subsequently annealed for 75 hours at 800°C. The dc resistivity and dc susceptibility show an increase of the critical temperature ∆T c /T c ≈ 0.3 upon annealing, while the overall value of the resistivity decreases. Further details of the experiments are presented in the SOM 18 . The theoretical formalism is based on the Allen-Kubo formula for the optical conductivity,
which we evaluated numerically. The imaginary part of the single particle self-energy appearing in the denominator is given by,
for a local Fermi liquid with an additional elastic resonant scattering contribution (note a = (p 2 − 4)/(1 − p 2 ) 11 ). Such an energy and temperature dependent Σ 2 (ω, T ) results at low temperature in an imaginary memory function, 10,11
Together with equation (1) for the optical conductivity and an interband contribution characterised by an energy independent value ε ∞,IR , equation (5) leads to the following expression for the dashed semi-circle displayed in Fig. 2 :
For a derivation and further details see the SOM 18 . The parameters used to calculate the dashed semi-circles in Fig. 2a,b 
IV. SUPPLEMENTARY MATERIAL V. TRANSPORT EXPERIMENTS
The crystal used in this study was grown from a selfflux method. Its chemical composition has been determined with electron probe microanalysis, resulting in the determination of a Co concentration, x = 0.195. We subsequently cut the crystal into two pieces and annealed one piece for 75 hours at 800°C. The dc resistivity and susceptibility were measured for both pieces, see Fig. S1 . The resistivity shows a significant enhancement of the critical temperature from 18 K for the as-grown crystal to 25.6 K in the annealed crystal. The dc susceptibility shows an onset to superconductivity at similar temperatures, but the full Meisner volume is obtained at somewhat lower temperatures.
VI. REFLECTIVITY DATA
The in-plane reflectivity for both crystals was obtained in the range between 5 meV and 4.6 eV using a Bruker vertex 80v Fourier-Transform infrared spectrometer. In all experiments unpolarised light was used and experiments were performed at near-normal incidence (8 degrees) to the ab-plane. Crystals were mounted on a tapered copper cone, preventing unwanted reflections from copper, and were cleaved before inserting them into a home-built UHV cryostat. The cryostat has a rigid sample support decoupled from the cryostat cold finger with a copper braid. This enables optical experiments as function of temperature in which the sample position does not change as temperature is changed. To test sample position stability of the cryostat a HeNe laser was reflected from a mirror mounted on the sample position and the movement of the reflected beam over a distance of 5 meters was measured, confirming that the sample orientation changed less than 0.01°between room temperature and the base temperature of 8 K. In the experiments an aperture size was chosen such that the light spot slightly overfills the sample surface. All experiments were performed under UHV conditions with a pressure at room temperature of order 5· 10 −9 mbar. A wedged, CVD grown diamond window was used in all experiments. To cover the full energy range, experiments were repeated several times using a series of detectors and beamsplitters. In order to obtain an accurate absolute value of the reflectivity we evaporated metallic films on our samples -itin-situ. Au was used in the far to mid-infrared range (3 meV -0.75 eV). Silver was used in the midinfrared to visible range (0.4 -2.85 eV) and Al in the near-infrared to ultra-violet range (0.75 -4.6 eV). In the near-infrared to visible range measurements were performed in 3 steps. In the first step the reflection of the sample surface was measured. In the second step Ag was evaporated in-situ on the sample surface without making any adjustments to the set-up. Finally in the third step Al was evaporated in-situ on the sample surface. For each of these steps the full temperature dependence was measured by collecting 1 spectrum per minute while cooling down with a constant rate of 1.5 K per minute, followed by a similar warming measurement. By combining both warming and cooling measurements we thus obtained 1 spectrum every 2 K. By comparing ratios of Ag and Al spectra to published literature results we obtained standardized reference spectra as function of temperature used to determine the reflectivity in the entire measured frequency range. Silver turned out to be particularly useful in the photon range around 1.2 eV where Al has a weakly temperature dependent interband transition. The resulting reflectivity is shown in figure S2 for selected temperatures. For the as-grown crystal we observe the opening of the superconducting gap below 18 K as can be seen in panel S2c. The somewhat smaller crystal size (2 x 1 x 0.1 mm 3 ) for the annealed crystal complicated the accurate determination of the reflectivity below 10 meV most likely due to diffraction effects becoming important at these longer wavelengths. Figure S2e compares the low frequency reflectivity of the annealed and as-grown crystals. Based on the higher reflectivity of the annealed crystal one can immediately observe that the overall scattering rate has decreased, assuming that the charge carrier concentration has not significantly changed. In a first step the reflectivity data is modelled using a Drude-Lorentz model with parameters optimized by a least-square Levenberg-Marquardt routine 1 . We tried different models to determine the robustness of the modelling, as we want to use it later on in the extended Drude analysis. The Drude-Lorentz models presented in table S1 for both crystals, (i) give the lowest χ 2 , (ii) consistently describe our optical data at all temperatures and (iii) are nearly identical for both crystals as one might expect. Based on this model and the full reflectivity data we use a variational dielectric function routine developed in 2 to extract the optical conductivity, which is shown at selected temperatures in Fig. 1a,b of the article.
VII. DRUDE-LORENTZ MODEL AND INTERBAND TRANSITIONS
In order to make the spectroscopic fingerprints of the effects of annealing more quantitative we first turn to a standard Drude-Lorentz modelling of the data. The decomposition of the optical conductivity of both as-grown and annealed crystals in Drude and Lorentz terms is given in table S1. We find that the intraband contribution can be described by two relatively narrow Drude terms and a low energy Lorentz oscillator. The incoherent background extending to low energy is captured by a high energy oscillator (labeled as nr. 7 in table S1). Upon annealing the width of this oscillator decreases, resulting in a much weaker contribution at low energy. This effect can be clearly seen in the optical conductivity data by comparing the depth of the minimum (at 70 meV) separating the intra-and interband response. Apart from this difference in the incoherent background the DrudeLorentz models are nearly identical, indicating that the annealing results in a rather subtle change in the intraband response. The optical conductivity of the annealed crystal at 40 K and its decomposition in terms of the oscillators from Table S1 is shown in Fig. S3 . 
VIII. SPECTRAL WEIGHT ANALYSIS
In order to determine the plasma frequency for both crystals we plot in figure S4 the spectral weight as determined from the experimental optical conductivity. The spectral weight is obtained by integrating the real part of the optical conductivityover frequency up to a cutoff frequency ω c :
For both crystals we find that the integrated spectral weight is nearly temperature independent for ω c ≈ 100 meV, corresponding roughly to the minimum in the optical conductivity presented in Fig. 1a ,b of the main text. At this point the integrated spectral weight SW (ω c , T ) ≈ 3.1±0.15 · 10 6 Ω −1 cm −2 (as-grown) and SW (ω c , T ) ≈ 3.4±0.15 · 10
6 Ω −1 cm −2 (annealed). If we assign this spectral weight in both cases entirely to the intraband response we can calculate the plasma frequencies to be ω p ≈ 1.35 eV (as-grown) and ω p ≈ 1.4 eV (annealed). Given the error bar on the estimation of SW (ω c , T ) we use ω p ≈ 1.4 eVfor both crystals.
IX. EXTENDED DRUDE ANALYSIS: INTERBAND CONTRIBUTIONS AND RANGE OF VALIDITY.
As discussed in the main text, overlapping intra-and interband conductivities complicate the extraction of the memory function from optical conductivity data. In the absence of overlapping intra-and interband conductivities (e.g. such as is the case for cuprate HTSC) one can write the memory function in terms of the dielectric function:
where ε ∞,IR represents a frequency independent contribution to the real part of the dielectric function due to high energy interband transitions, which can be estimated from the oscillator strengths of those transitions. What happens in the case of iron-pnictides where interband transitions have a low energy onset (estimated to be situated around 100 meV, see fig. S3 )? This is most clearly illustrated in figure S5 where we show the free charge (or intraband) and bound charge (or interband) contributions to the dielectric model presented in table  S1 . The question that arises is whether the bound charge response can be approximated with a constant in the photon energy range where we want to analyze the memory function. Given the relative strengths of the free and bound charge response, the approximation of using a frequency independent ε ∞,IR could possibly be upheld below about 50 meV. This is fortified by explicitly calculating the imaginary part of the memory function for a series of models as we will now discuss.
Fig . S6 shows the optical conductivity for 4 different models. In panel S6a the real and imaginary part of a sum of two Drude terms with different widths is shown. Panel S6b,c show the same model but now with a single interband transition added to it. In panel S6b the intraand interband parts are well separated as in the cuprates, while panel S6c has a strong interband transition well within the intraband region. Finally, panel S6d shows the optical conductivity for a model similar to the pnictide model. Panel S6e now compares the extracted memory functions for these models without making any correction for the interband contribution. The 2 Drude case (in green) would represent the correct optical scattering rate that we would like to extract in an experiment. The other cases show deviations from this ideal curve to varying degrees. What is important for the current work is that below about 50 -80 meV the frequency dependence in all cases is very close to the ideal case indicating that in the realistic case relevant to the iron-pnictides (black curve) the extended Drude model gives relevant results in the photon energy range discussed in the main text. 
X. EXTENDED DRUDE MODEL: COMPARISON OF METHODS
To test the robustness of the results presented in the main text we used two methods to determine the memory function. In the first method we approximated the interband contribution with a temperature independent ε ∞,IR ≈ 100 -105 (for as-grown and annealed crystals respectively). We then used Eq. S2 to calculate the memory function. In the second method we subtracted the interband part obtained from the Drude -Lorentz model obtained at each individual temperature. The results of the second method are presented in the main text and the results of the first method are presented in fig. S7 . At low temperatures ( ≤ 150 K) and photon energies between 10 -50 meV both methods give nearly identical results. At higher temperatures differences are starting to become more evident as can be seen most clearly by comparing the 200 K data for the annealed crystal. Note that the main result of our article, namely the T 2 and ω 2 dependence of M 2 (ω, T ), would be extended over a larger energy and temperature range if we use the first method to determine M 2 (ω, T ) but with a somewhat smaller value of p. Next we discuss the estimation of the value of p for which all the data collapses onto a universal curve. In ref.
4 the following method was proposed: one plots the data as function of ξ 2 = (hω) 2 + (pπk B T ) 2 for a range of values of p. We take 1 ≤ p ≤ 2 with steps of 0.01. One then calculates the root-mean square for each value of p determined by summing over the deviations of each temperature from a universal curve for that value of p. These RMS values are then summed over a range of temperatures up to a certain maximal temperature. Figure S8 shows the dependence of p on the maximum temperature, T max , used in the scaling analysis. We apply this method to the memory function extracted with both methods indicated above and find that the value of p depends weakly on temperature. At 100 K, where the power of the frequency dependence starts to deviate from η ≈ 2 we find the values p = 1.2 (ε ∞ correction) and p = 1.47 (interband subtraction).
In the main article we showed that the optical data can be scaled as a function of ω 2 and T 2 . In particular, we showed that the DC extrapolation of the scattering rate follows a T 2 temperature dependence, implying that the resistivity is also a function of T 2 . To confirm this expectation we show in figure S9a the resistivity data of fig. S1 plotted as function of T 2 . We indeed find that ρ(T ) is an approximate function of T 2 in the same range of temperatures ( 30≤ T ≤120 K) as 1/τ (0) (see fig.  S9b ). From fig. S9a we estimate dρ/d(T 2 ) ≈ 6.5·10
We can now use the Drude expression for the DC resistivity ρ = 4π/ω 2 p τ to compare the slopes of both quantities. Together with the plasma frequency ω p ≈ 11290 cm . Given the uncertainties involved in determining 1/τ (0) this is a reasonable agreement. We note that the resistivity deviates from the approximate T 2 behaviour at the onset of superconductivity and at elevated temperatures. Above the temperature scale where Fermi liquid scaling applies both the DC resistivity and scattering rate are still approximate functions of T 2 , but with slightly smaller slopes as can be seen from the deviation from the black lines. Figure S9 (c) we show the temperature dependence of the prefactor, B(T), of the frequency component appearing in M 2 (ω, T ) = 1/τ (0, T ) + B(T )ω η(T ) . Comparing this empirical relation with Eq. 2 of the main manuscript, B(T) is expected to be temperature independent in the range of validity of Eq. 2. Fig. S9(c) shows that this is indeed the case below T ≈ 100 K. In panel S9(d) we plot the scaling collapse for the memory function obtained by subtracting ε ∞,IR . Note that in this case the scaling extends over a larger energy window due to the higher energy where the memory function saturates (≈ 120 meV, fig. S7b ).
XI. ZERO CROSSINGS OF ∆σ(ω) IN THE PRESENCE OF INTERBAND TRANSITIONS

In reference
5 it was shown that in a Fermi liquid the optical conductivity could be described by three different frequency regimes. These regimes are, at low temperature, separated by crossings of σ 1 (ω) and σ 2 (ω). It was shown that at low frequency the optical conductivity follows a Drude behaviour, with σ 1 (ω) ≤ σ 2 (ω), at intermediate frequency a thermal regime appears with σ 1 (ω) ≥ σ 2 (ω) and finally at high frequency σ 1 (ω) ≤ σ 2 (ω) again. The boundary separating these regimes can be easily derived from the optical conductivity. We have:
with M (ω) given by 5 ,
By equating σ 1 (ω) = σ 2 (ω) one obtains a second order equation relating temperature T and frequency ω. Solving for T gives 5 :
As was shown in ref. 6 , the pre-factor of the temperature term can be different from 2 if additional contributions to the frequency dependence of the self-energy are present, in which case:
Given the value of p = 1.47 obtained in our study, we should therefore take,
with a = (p 2 − 4)/(1 − p 2 ). In the iron-pnictide superconductors a low energy interband contribution to the optical conductivity further complicates matters. In the article we therefore use the full Allen-Kubo formula and 
